ABSTRACT Mortality in a cohort of 8626 workers employed between 1954 and 1981 A retrospective cohort study ofmortality in an aircraft manufacturing plant near Turin, northern Italy, was carried out to investigate an apparently high number of malignant tumours among employees that were brought to the attention of the local health authority by staff representatives.
A retrospective cohort study ofmortality in an aircraft manufacturing plant near Turin, northern Italy, was carried out to investigate an apparently high number of malignant tumours among employees that were brought to the attention of the local health authority by staff representatives.
The plant manufactures aircraft and aircraft/aerospace components and has been active from the beginning of the century. Processes are not dissimilar to those of transportation equipment manufacturing, with more sophisticated technologies and materials. Potential hazardous substances and physical factors have been used for these processes: aromatic nitro and amino organic compounds in cutting fluids and as constituents of rubber plastic paint dye; other aromatic and halogenated organic compounds in solvents; chromates and other heavy metal salts in paints and welding fumes; epoxy resins and other plastics with amine hardeners in fibre sheet preimpregnated materials, in paints and enamels, and in adhesive materials; fibres (asbestos, manmade mineral fibres) in insulating materials and composite materials; and ionising radiation in non-destructive testing.
Materials and methods
Complete personnel records of the company were available since August 1954 only, when full scale operations were resumed after the postwar years. The Accepted I December 1988 workforce grew from about 1500 in 1954 to 3000 by the end of the 1950s and since then has fluctuated between 3000 and 3500. For each employee personal data and work histories within the plant (department ofwork and job) were abstracted and coded by clerical assistants of the plant under our guidance. A 5% sample of the records were recoded for quality control of data collection. No independent verification from sources other than company records was possible. 
740
SMRs for female blue collar workers and technical staff are 131 for all causes (based on 26 observed) and 160 for all malignancies (based on nine observed). Corresponding figures for female clerks are 88 (17 observed) and 112 (seven observed). The size of these groups, however, is small and no cluster of cases of cancer at specific sites is identified.
In the following tables results are presented only for the cohort of 7105 men working in manufacturing areas and including blue collar workers and techncal staff. White collar workers not specified as office workers are also included in this group because of the high likelihood of their having been technical staff. Mortality by specific cause is examined separately in the two groups first employed before and after 1954, the former being the surviving or cross sectional and the latter the "in-take" part of the cohort (table 3). In both groups SMRs for total mortality are significantly lower than 100. The deficit extends to all major disease categories, except circulatory diseases in those first employed before 1954 and malignant neoplasms in those first employed after 1954 (SMRs close to 100).
SPECIFIC CAUSES OF DEATH
Excess risks for rectum and prostate cancers are confined to the first subcohort (respectively 10 v 4*1 and 9 v 6 3). Four of six cases of tumours of the pleura were also in subjects of this group. All five cases of melanoma occurred in the subcohort first employed after 1954, resulting in an SMR of 848. If the female case is also considered six cases v 0-63 expected occurred in this group. 
INDIVIDUAL CHARACTERISTICS OF PEOPLE DYING FOR SPECIFIC CANCER SITES
The six cases of melanoma had been hired after 1954; mean age at death was 43; latency from first employment in the factory ranged from eight to 19 years and duration of employment from one to eight years. No death from melanoma was observed among the 1113 office clerks of both sexes against 0-10 expected. Individual work histories did not suggest any obvious cluster ofjobs or operations, although all men were employed at the plant at the same time during the 1960s. Clinical records reported that melanomas were located in the leg in three cases and in the trunk for the remaining three.
The six tumours of the pleura (ICD 163.0, 8th rev) were treated in the analysis with lung cancer because the reference mortality data for this cancer (171, 174, 186, 187, 190, (192) (193) (194) andcancerNOS (195) (196) (197) (198) (199) included a histologically confirmed glioma and a carcinoma of paranasal sinuses. All cases of rectal cancer had been first employed in the factory before 1954. Five had been working in assembling areas, mostly with fitting jebs. Clinical records were traced for five cases: in four the evidence of the rectum as the origin of the cancer was strong; in one case it was not possible to discriminate between colon and rectum.
Discussion
Mortality of aircraft manufacturing employees has been described in a limited number of studies. Garabrant et al in a cohort of 14 067 subjects employed between 1958 and 1982 found non-significant excesses of cancer of the oesophagus (O/E 14/ 12.3), pancreas (34/28.5), and bladder (17/13-4). 4 The study found no excess of melanoma (5/9-3), mesothelioma, or neoplasms of the CNS. The surveillance study of proportional mortality by occupation in Washington State showed significant excesses for all malignant (including neoplasms and for some cancer sites some digestive organs, haematolymphopoietic system, and melanomas) among aeronautical engineers of different companies and among Boeing officials, managers, and supervisors.5 In aeronautical engineers aged under 65 proportional mortality ratios (PMR) for melanomas were twice as high as expected. Boeing workers not otherwise classified showed only a small but significant PMR increase for coronary heart diseases. Moreover, airplane mechanics, repairmen, and electricians, not necessarily employed at the Boeing company, showed a significant excess risk of CNS tumours. A preliminary investigation of CNS neoplasms in Los Angeles County (another United States area ofhigh density of aircraft industry) showed excess risk among aircraft manufacturing employees, in particular for engineers. 6 Our study, as of 1981, finds no excess either for oesophageal cancer or for CNS tumours. The study had 56% and 71% powers to detect any significant risk greater than twofold at the 5% significance level for these two cancer sites respectively. The healthy worker effect may be seen operating differently in this cohort: lower mortality among male blue collar workers and technical staff may be due to selective hiring of healthy employees. SMRs for all causes among male administrative clerks and among all women were higher than 100. This may reflect the absence of health selection.
In our study there was an excess of deaths from pleural cancer, cancers of the rectum, and melanomas in male blue collar workers and technical staff.
The increased risk for tumours of the pleura is particularly in people with a long duration of follow up and of employment from the early 1940-50s. This finding is interesting but is obscured by poor reliability of diagnoses. No cases of asbestosis nor excess risk for lung cancer are reported in the study. At present asbestos is not used in the plant but past uses cannot be ruled out. Exposures to asbestos in work before hiring in the plant cannot be ruled out. On the other hand, the finding of an excess of pleural cancer cannot be dismissed on these grounds, because manmade mineral fibres were used at the plant from 1954, mainly in composite materials.
Clinical record retrieval has not provided a definite discrimination between cancers of the rectum and colon for six of 10 cases. Pulling together the two sites, a non-significant excess is found in the group hired before 1954 with 16 observed against 11-28 expected (SMR 142, CL 95% 81-230); this residual excess could be partly explained by the choice of the Italian population as a reference, which has a colon/rectum cancer mortality substantially lower than the regional one. 7 With regard to melanomas, there are no reasons to think that survival for melanoma is lower in Turin than in the rest of Italy, nor that the use of regional mortality as a reference may change substantially the O/E ratio. Based on individual work histories, no particular job is affected by the risk. Nevertheless, all five male cases were employed at the factory at the same time during the early 1960s, when some aircraft projects necessitated extensive use of polysulphide resin based adhesives. Epoxy resins were introduced in paints and in fibreglass reinforced plastics, mainly in assembling areas, where four out of five cases had been employed in this period for any length of time. All six
